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(54) Method of flip-chip mounting a semiconductor chip to a circuit board 



(57) To provide a semiconductor chip mounting 
method by a flip-chip connection method in which a 
semiconductor chip can be mounted on a circuit board 
promptly, electrically and mechanically surely and fur- 
ther at a low cost, a process for pushing a melted ther- 
moplastic resin coat aside by pressing a bump of the 
bare semiconductor chip on the melted thermoplastic 
resin coat applying an ultrasonic wave in a state in which 



the thermoplastic resin coat covering an electrode area 
on a wiring pattern is heated and melted and touching 
the bump and the electrode area, a process for bonding 
the bump and the electrode area by continuously apply- 
ing an ultrasonic wave in a state in which the bump and 
the electrode area are touched and a process for cooling 
and solidifying the melted thermoplastic resin coat and 
bonding the body of the bare semiconductor chip on the 
circuit board are provided. 
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Description 

[0001] The present invention relates to a method of 
mounting a semiconductor chip which is suitable for 
manufacturing an electromagnetic wave readable data 
carrier that functions as a flight tag, a label for physical 
distribution management, a ticket for an unmanned 
wicket and others, particularly relates to a method of 
mounting semiconductor chip in which a bare semicon- 
ductor chip can be mounted on a circuit board at a low 
cost by a flip-chip connecting method. The present in- 
vention also relates to a circuit board for flip-chip con- 
nection and a method of manufacturing the same. In ad- 
dition, the present invention relates to an electromag- 
netic wave readable data carrier and a method of man- 
ufacturing the same, and an electronic component mod- 
ule for an electromagnetic wave readable data carrier. 
[0002] For this type of electromagnetic wave readable 
data carrier, a flight tag disclosed in Japanese Patent 
Unexamined Publication No. Hei. 6-243358 for example 
is known. It is estimated that the flight tag will be used 
for the management of passenger's baggage at an air- 
port as a throwaway tag in near future. At that time, in 
the case of a worldwide airline company, the enormous 
demand such as 8.5 million pieces per month can be 
expected by only the company. Therefore, as to this type 
of flight tag, the establishment of mass production tech- 
nology at an extremely low cost is desired. 
[0003] The flight tag disclosed in the patent applica- 
tion is composed by mounting a curled conductive pat- 
tern to be an antenna coil and IC components to be a 
send and receive circuit, a memory and others on the 
single side of a rectangular substrate made of a PET 
film. 

[0004] The body of the flight tag that holds the curled 
conductive pattern to be an antenna coil can be formed 
by selectively etching copper foil and aluminum foil re- 
spectively coated on the single side of the PET film by 
etching processing. Therefore, a continuous production 
line by roll to roll (RTR) can be readily realized by a resist 
formation process by well-known photolithographic 
technology and the succeeding wet etching process and 
others. In the meantime, circuit components such as a 
send and receive circuit and a memory to be mounted 
on the body of the flight tag are integrated in one chip 
using semiconductor integration technology. 
[0005] These applicants propose that a bare semi- 
conductor chip is first moduled by mounting the bare 
semiconductor chip composing the send and receive 
circuit, the memory respectively described above and 
others on a thin insulating piece (a type of circuit board) 
and then the productivity of a flight tag is enhanced by 
bonding the electronic component module on a PET film 
composing the body of the flight tag. 
[0006] As for an electronic component mounted 
sheet, the advanced thinning of which is requested, 
such as the electronic component module bonded to the 
flight tag, a flip-chip connection method in which a bare 



semiconduct or chip is directly mounted on a circuit 
board is often proposed. 

[0007] An example of the flip-chip connectionmethod 
(hereinafter called a first related art type method) is 

5 shown in Fig. 14. In the first related art type method, a 
protruded terminal for connection (hereinafter called a 
bump) b is formed on the bottom electrode (not shown) 
of a semiconductor chip a and after the bump b and an 
electrode area d of a wiring pattern on a circuit board c 

io are positioned, both are connected via joining material 
e such as solder and conductive paste. 
[0008] In the first related art type method, a problem 
is pointed out such that the manufacturing cost is in- 
creased because (1) a process for supplying and hard- 

15 ening the joining material e for connecting the bump b 
and the electrode area d of the wiring pattern is complex, 
(2) an insulating resin f called underfill is filled between 
the chip a and the board c so as to seal a bump connec- 
tion portion between the bump b and the electrode area 

20 d and thereby to acquire the reliability in the moisture- 
proof of the bump connected part and strength for 
mounting the semiconductor chip and (3) a process for 
filling and hardening the insulating resin f to be underfill 
is required. 

25 [0009] Another example of the flip-chip connection 
method (a second related art type method) is shown in 
Fig. 1 5. The second related art type method is proposed 
to solve the problem of the first related art type method 
and a bare semiconductor chip is mounted on a circuit 

30 board using an anisotropic conductive sheet proposed 
in Japanese Patent No. 2586154. 
[0010] In the second related art type method, an ani- 
sotropic conductive sheet g in which conductive partic- 
ulates are dispersed in thermoplastic or thermosetting 

35 resin is put between a bare semiconductor chip a and a 
circuit board c, and the resin is made to flow by thermo- 
compression bonding, so that electric connection in the 
direction of the thickness is acquired by conductive par- 
ticulates h put between a bump b and an electrode area 

40 d of the wiring pattern. 

[0011] According to this method, there is effect that 
the positioning of the circuit board with the wiring pattern 
when the semiconductor chip is mounted on the circuit 
board can be relatively roughly performed. In addition, 

45 time when resin is hardened is short, for example 1 0 to 
20 seconds, sealing material such as underfill is not re- 
quired to be used, and the manufacturing cost can be 
reduced. To the contrary, problems are further pointed 
out such that (1) the anisotropic conductive sheet g is 

50 relatively high-priced, (2) the anisotropic conductive 
sheet cannot be used for a board without heat resist- 
ance because the high temperature of 200°C or more 
is required for hardening the sheet, (3) it takes 1 0 to 20 
seconds to harden the resin though it is a relatively short 

55 time, and it is difficult to further simplify and speed up 
the process and (4) the reliability of connection is low 
because electric connection between the bump and the 
wiring pattern depends upon the contact of conductive 
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particulates dispersed in the resin. 
[001 2] The invention is made to solve the problems in 
the related art type flip-chip connection method and the 
object is to provide a method of mounting semiconduc- 
tor chip by a flip-chip connection method In which a sem- 
iconductor chip can be mounted on a circuit board 
promptly, electrically and mechanically securely and fur- 
ther at a low cost. 

[0013] Also, another object of the invention is to pro- 
vide a circuit board for flip-chip connection suitable for 
the above-mentioned mounting method. 
[0014] Also, further another object of the invention is 
to provide a method of manufacturing a circuit board for 
flip-chip connection in which the above-mentioned cir- 
cuit board can be manufactured simply and at a low cost. 
[0015] Further, furthermore another object of the in- 
vention is to provide an electromagnetic wave readable 
data carrier and a method of manufacturing the same in 
which an electromagnetic wave readable data carrier 
that functions as a flight tag, a label for physical distri- 
bution management, a ticket for an unmanned wicket 
and others can be produced at a low cost in a mass. 
[0016] Also, further another object of the invention is 
to provide an electronic component module for an elec- 
tromagnetic wave readable data carrier. 
[0017] The person skilled in the art will easily under- 
stand further another object and the effect of the inven- 
tion by referring to the description of embodiments and 
others. 

[0018] A method of mounting a semiconductor chip 
according to the invention is provided with a process for 
pushing a melted thermoplastic resin coat aside by 
pressing a bump of a bare semiconductor chip on the 
melted thermoplastic resin coat applying an ultrasonic 
wave in a state in which the thermoplastic resin coat cov- 
ering an electrode area on a wiring pattern is heated and 
melted and touching the bump and the electrode area, 
a process for bonding the bump and the electrode area 
by continuously applying an ultrasonic wave in a state 
in which the bump and the electrode area are touched 
and a process for cooling and solidifying the melted ther- 
moplastic resin and bonding the body of the bare sem- 
iconductor, chip on a circuit board. 
[0019] As clear from the description that in a state in 
which the thermoplastic resin coat covering an electrode 
area on a wiring pattern is heated and melted, a ther- 
moplastic resin coat is formed beforehand in an elec- 
trode area on a wiring pattern of a circuit board used in 
the invention. This coat may also cover only an elec- 
trode area of a wiring pattern and may also cover the 
overall surface of a wiring pattern. 
[0020] Also, a phrase, an electrode area on a wiring 
pattern described above means a fixed small area on a 
wiring pattern including a position for a terminal of an 
electronic component and others to be connected. In 
this electrode area, a part generally called a land and 
others on the wiring pattern is included. 
[0021] Also, words, "heated and melted" mean both a 



state that the thermoplastic resin coat is heated and 
melted and a state that it is heated and softened to some 
extent. Further, it is desirable that thermoplastic resin 
described above has a satisfactory characteristic as an 
5 adhesive. 

[0022] According to such configuration, action and ef- 
fect are acquired that (1) secure electric conduction is 
acquiredbecause the junction of the bump and the elec- 
trode area is diffused junction by an ultrasonic wave, (2) 

io moisture-proof is satisfactory because the junction is 
sealed with resin, (3) mechanical mounting strength to 
pulling and others is high because the semiconductor 
chip and the circuit board are bonded when the thermo- 
plastic resin is hardened, (4) electric conduction and 

15 mechanical bonding are simultaneously enabled in a 
short time, (5) the manufacturing cost is low because a 
process for special sealing and bonding and bonding 
material are not required and (6) the surface of the board 
is nevermore sticky than required in heating because no 

20 thermoplastic resin coat exists in a part in which the sur- 
face of the board is exposed. 

[0023] Also, the overall surface of the wiring pattern 
of the circuit board for flip-chip connection according to 
the invention is covered with a thermoplastic resin coat. 

25 [0024] According to such configuration, as the overall 
surface of the wiring pattern is covered with a thermo- 
plastic resin coat in case the circuit board described 
above is used for the mounting method described 
above, sealed structure satisfactory in moisture-proof 

30 and bonded structure high in tensile strength are ac- 
quired. 

[0025] Also, in a method of manufacturing the circuit 
board forflip-chip connection accordingto the invention, 
for an etching mask used when the wiring pattern is 
35 formed by etching processing, thermoplastic resin is 
used. 

[0026] According to such configuration, as an etching 
mask used in etching processing for forming the wiring 
pattern is used for the thermoplastic resin coat covering 
40 the overall surface of a conductive pattern as it is, a spe- 
cial coat formation process is not required and much la- 
bor is not required, and therefore the manufacture at a 
low cost can be realized. 

[0027] Also, in a method of manufacturing an electro- 
ns magnetic wave readable data carrier according to the 
invention, the body of a data carrier in which a curled 
conductive pattern composing an antenna coil is held 
on thin or sheet insulating base material and an elec- 
tronic component module in which a bare semiconduc- 
50 torchip composing a send and receive circuit, a memory 
and others is mounted on a wiring pattern of a thin or 
sheet circuit board are integrated. 
[0028] In the data carrier manufacturing method, a 
process for manufacturing the electronic component 
55 module in which the bare semiconductor chip is mount- 
ed on the wiring pattern of the thin or sheet circuit board 
is mainly characteristic. 

[0029] That is, in the process for manufacturing the 
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electronic component module, asubprocessforpushing 
a melted thermoplastic resin coat aside by pressing a 
bump of the bare semiconductor chip on the melted ther- 
moplastic resin coat applying an ultrasonic wave in a 
state in which the thermoplastic resin coat covering the 
electrode area on the wiring pattern is heated and melt- 
ed and touching the bump and an electrode area, a sub- 
process for bonding the bump and the electrode area 
by continuously applying an ultrasonic wave in a state 
in which the bump and the electrode area are touched 
and a subprocess for cooling and solidifying the melted 
thermoplastic resin and bonding the body of the bare 
semiconductor chip on the circuit board are included. 
[0030] According to such configuration, the electro- 
magnetic wave readable data carrier that functions as 
a flight tag, a label for physical distribution management, 
a ticket for an unmanned wicket and others can be pro- 
duced at a low cost in a mass owing to action and effect 
that (1) secure electric conduction is acquired because 
the junction of the bump and the electrode area is dif- 
fused junction by an ultrasonic wave, (2) moisture-proof 
is satisfactory because the junction is sealed with resin, 
(3) mechanical mounting strength to pulling and others 
is high because the semiconductor chip and the circuit 
board are bonded when the thermoplastic resin is hard- 
ened, (4) electric conduction and mechanical bonding 
are simultaneously enabled in a short time, (5) the man- 
ufacturing cost is low because a process for special 
sealing and bonding and bonding material are not re- 
quired and (6) the surface of the board is never more 
sticky than required in heating because no thermoplas- 
tic resin coat exists in a part in which the surface of the 
board is exposed. 

[0031] Also, the overall surface of a wiring pattern of 
a circuit board used in the manufacturing process of the 
electronic component module according to the invention 
is covered with a thermoplastic resin coat. 
[0032] According to such configuration, as the overall 
surface of the wiring pattern is covered with the thermo- 
plastic resin coat in case the above-mentioned circuit 
board is used in the electronic component module man- 
ufacturing process, sealed structure satisfactory in 
moisture-proof and bonded structure high in tensile 
strength are acquired. 

[0033] Also, in a circuit board manufacturing method 
according to the invention, thermoplastic resin is used 
as an etching mask used when a wiring pattern is formed 
by etching processing. 

[0034] According to such configuration, as the etching 
mask used in the etching processing for forming the wir- 
ing pattern becomes a thermoplastic resin coat covering 
the overall surface of a conductive pattern as it is, a spe- 
cial coat formation process is not required and much la- 
bor is not required, and therefore the manufacture at a 
low costcan be realized. 

[0035] Also, in a method of manufacturing an electro- 
magnetic wave readable data carrier according to the 
invention, the body of a data carrier in which a metallic 



foil pattern composing an antenna coil is held on thin 
resin base material, and an electronic component mod- 
ule in which a bare semiconductor chip composing a 
send and receive circuit, a memory and others is mount- 

5 ed on a aluminum foil wiring pattern on the surface of 
thin resin base material are integrated. 
[0036] In the electromagnetic wave readable data 
carrier man ufacturingmethod, aprocess for manufactur- 
ing the electronic component module in which the bare 

10 semiconductor chip is mounted on the aluminum foil wir- 
ing pattern on the surface of the thin resin base material 
is mainly characteristic. 

[0037] That is, in the process for manufacturing the 
electronic component module, a subprocess for pushing 

15 a melted thermoplastic resin coat aside by pressing a 
bump of the bare semiconductor chip on the melted ther- 
moplastic resin coat applying an ultrasonic wave in a 
state in which the thermoplastic resin coat covering an 
electrode area on the aluminum foil wiring pattern is 

20 heated and melted and touching the bump and the elec- 
trode area, a subprocess for bonding the bump and the 
electrode area by continuously applying an ultrasonic 
wave in a state in which the bump and the electrode area 
are touched and a subprocess for cooling and solidifying 

25 the melted thermoplastic resin and bonding the body of 
the bare semiconductor chip on the circuit board are in- 
cluded. 

[0038] Also, the overall surface of the aluminum foil 
wiring pattern of the circuit board according to the inven- 

30 tion is covered with a thermoplastic resin coat. 

[0039] Also, in the circuit board manufacturing meth- 
od according to the invention, thermoplastic resin is 
used as an etching mask used when the aluminum foil 
wiring pattern is formed by etching processing. 

35 [0040] In a preferred embodiment of the invention, for 
thermoplastic rein, polyolefin resin or polyester resin is 
used. 

[0041] Action and effect can be desired by using such 
resin such that the resistance to a chemical satisfactory 

*o for an etching mask, and satisfactory junction strength 
between a metallic bump on the side of the semicon- 
ductor chip and a metallic electrode area on the side of 
the wiring pattern are acquired. That is, polyolefin resin 
is provided with satisfactory resistance to alkaline etch- 

45 ant such as NaOH or polyester resin is provided with 
satisfactory resistance to acid etchant such as FeCI2. 
In addition, these resins are also excellent in an adhe- 
sive property. 

[0042] Further, an electronic component module for 
so an electromagnetic wave readable data carrier, accord- 
ing to the invention, comprises: a circuit board having a 
wiring pattern with an electrode area and a thermoplas- 
tic resin coat covering the electrode area of the wiring 
pattern; and a semiconductor chip mounted on the cir- 
55 cuit board, said semiconductor chip having a bump at a 
side of the circuit board thereof. The bump of the sem- 
iconductor chip penetrates the thermoplastic resin coat 
and directly bonds with the electrode area of the wiring 
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[0043] I n addition , an electromagnetic wave readable 
data carrier, according to the invention, comprises: a 
body of a data carrier including an insulating base ma- 
terial and a conductive pattern held on the insulating 5 
base material; and an electronic component module in- 
cluding acircuit board and a semiconductor chip mount- 
ed on the circuit board, said circuit board having a wiring 
pattern with an electrode area and a thermoplastic resin 
coat covering the electrode area of the wiring pattern, 
said semiconductor chip having a bump at a side of the 
circuit board thereof, the bump of the semiconductor 
chip penetrating the thermoplastic resin coat and direct- 
ly bonding with the electrode area of the wiring pattern, 
wherein said electronic component module is manufac- 
tured by a method comprising: heating and melting the 
thermoplastic resin coat of said circuit board; pressing 
the bump of said semiconductor chip on the thus melted 
thermoplastic resin coat while applying an ultrasonic 
wave to the bump so that the bump penetrates the melt- 
ed thermoplastic resin coat and brings into contact with 
electrode area; bonding the bump and the electrode ar- 
ea by continuously applying the ultrasonic wave to the 
bump bringing into contacted with the electrode area; 
and cooling and solidifying the melted thermoplastic res- 
in coat so as to securely mount said semiconductor chip 
on said circuit board. 

IN THE DRAWINGS: 

[0044] 

Figs. 1A-E are respectively process drawings for 
explaining a mounting method according to the in- 
vention; 

Figs. 2A-C are respectively explanatory drawings 
showing the details of an ultrasonic mounting proc- 
ess; 

Fig. 3 is a sectional view showing mounted structure 
by a method according to the invention; 
Fig. 4 is a table showing the bonding strength of a 
semiconductor chip and a wiring pattern; 
Fig. 5 is a front view showing an example of a data 
carrier; 

Fig. 6 is a sectional view showing a lamination of 
the body of the data carrier and an electronic com- 
ponent module; 

Figs. 7A-E are respectively process drawings 
showing the manufacturing process of the body of 
the data carrier; 

Figs. 8A-E are respectively process drawings 
showing the manufacturing process of the electron- 
ic component module; 

Figs. 9A-B are respectively process drawings 
showing processes for mounting the electronic 
component module on the body of the data carrier; 
Figs. 10A-C respectively show the manufacturing 
process of the body of the data carrier; 
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Figs. 11A-E respectively show the manufacturing 
process of the electronic component module; 
Figs. 12A-B are respectively process drawings 
showing a process for mounting the electronic com- 
ponent module on the body of the data carrier; 
Fig. 1 3 is a table showing the result of the moisture- 
proof test of the thin data carrier to which the inven- 
tion is applied; 

Fig. 14 shows a first related art type rhethod of flip- 
chip connection; and 

Fig. 15 shows a second related art type method of 
flip-chip connection. 

[0045] Referring to the attached drawings, a suitable 
embodiment of a semiconductor chip mounting method 
according to the invention will be described in detail be- 
low. 

[0046] As described above, the semiconductor chip 
mounting method according to the invention is provided 
with: 1 ) a process for pushing a heated and melted ther- 
moplastic resin coat covering an electrode area on a wir- 
ing pattern aside by pressing a bump of a bare semi- 
conductor chip on the melted thermoplastic resin coat 
applying an ultrasonic wave so as to bring the bump into 
contact with the electrode area; 2) a process for bonding 
the bump and the electrode area by continuously apply- 
ing an ultrasonic wave in a state in which the bump and 
the electrode area are in contact; and 3) a process for 
cooling and solidifying the melted thermoplastic resin 
and bonding the body of the bare semiconductor chip 
on a circuit board. 

[0047] An outline of a series of processes including 
such a mounting method is shown in a process drawing 
shown in Figs. 1 A-E. In this series of processes, a me- 
tallic foil lamination manufacturing process (A), an etch- 
ing mask printing process (B), an etching process for 
formingawiringpattern (C), an ultrasonic mounting proc- 
ess (D) and a bonding process (E) are included. The 
details of the processes will be described in order below. 

[Metallic foil lamination manufacturing process (A)] 

[0048] In this process, an AI-PET lamination 1 which 
is original material of a thin circuit board is manufac- 
tured. For example, the A1-PET lamination 1 is manu- 
factured in a process for laminating hard aluminum foil 
3 having the thickness of 35 u, m on the single side (the 
uppersurfacein Fig. 1A)of a PET film 2 having the thick- 
ness of 25 um via an urethane adhesive, and bonding 
them thermally under a condition of the temperature of 
150°C and the pressure of 5 kg/cm 2 . 

[Etching mask printing process (B)] 

[0049] In this process : an etching resist pattern 4 in 
the shape of a required wiring pattern is formed on the 
surface of the hard aluminum foil 3 of the AI-PET lami- 
nation 1 . For example, the resist pattern 4 is formed by 
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applying a polyolefin thermoplastic resin adhesive, 
which is melted at the temperature of approximately 
150*C, on the surface of the hard aluminum foil 3 by 
approximately 4 to 6 u/n in thickness by a method such 
as gravure. It is desirable that this thickness is varied 
according to the size and the shape of a bump of a 
mounted bare chip. 

[Etching process (C)] 

[0050] In this process, a wiring pattern 6 composed of 
the hard aluminum foil 3 is formed by removing an alu- 
minum foil part 5 exposed from the etching resist pattern 

4 by well-known etching process. For example, the wir- 
ing pattern 6 is formedby exposing the aluminum foil part 

5 exposed from the etching resist pattern 4 to NaOH 
(120 g/l) used as etchant under a condition of the tem- 
perature of 50°C. The wiring pattern 6 composed of the 
hard aluminum foil 3 appears on the surface of a circuit 
board 7 acquired in this etching process. The overall 
surface of the wiring pattern 6 is covered with the poly- 
olefin thermoplastic resin adhesive used for the etching 
resist pattern (an etching mask) 4. In other words, the 
surface of at least an electrode area (an area to be con- 
nected with a bump of a bare semiconductor chip de- 
scribed later) of the wiring pattern 6 is covered with a 
thermoplastic resin coat 4a. 

[Ultrasonic mounting process (D)] 

[0051] In this process, a bare semiconductor chip 8 is 
mounted on the circuit board 7 applying an ultrasonic 
wave. This process includes: 1) a subprocess (a first 
subprocess) for pushing the melted thermoplastic resin 
coat 4a aside by pressing a bump 9 of the bare semi- 
conductor chip 8 on the melted thermoplastic resin coat 
4a in a state in which the thermoplastic resin coat 4a 
covering an electrode area 10 on the wiring pattern 6 is 
heated and melted applying an ultrasonic wave so as to 
bring the bump 9 into contact with the electrode area 
10 ; and 2) a subprocess (a second subprocess) for 
bonding the bump 9 and the electrode area 1 0 in a state 
in which the bump 9 and the electrode area 1 0 are con- 
tacted with each other by continuously applying an ul- 
trasonic wave. 

[0052] The bare semiconductor chip 8 is composed 
as a so-called surface mounting-type component. That 
is, the bare semiconductor chip 8 has a body which has 
1 50 |xm thick and the bump 9 which is a metallic terminal 
for connection and protruded from the bottom of the bare 
semiconductor chip 8.. In thefirst subprocess, the bump 
(made of gold for example) 9 is pressed on the thermo- 
plastic resin coat 4a which is melted by heating at 150°C 
in a state in which an ultrasonic wave is applied. Then, 
the melted thermoplastic resin coat 4a is pushed aside 
and removed from the position of the end of the bump 
9 by the ultrasonic vibration of the bump 9. Further, an 
oxide layer and others on the surface of the aluminum 



foil wiring pattern 6 are also mechanically removed by 
the vibration. As a result, the bump 9 and the electrode 
area 10 are contacted with each other. In the second 
subprocess, afterward, the bump 9 and the electrode 
5 area 1 0 of the wiring pattern 6 are further heated by fric- 
tional heat by the vibration , a metallic fused part in which 
atoms of gold are diffused in the aluminum foil is formed 
and the bonding of both by an ultrasonic wave is com- 
pleted. 

10 [0053] The first and second subprocesses are com- 
pleted by applying ultrasonic vibration of the frequency 
of 63 kHz by approximately a few seconds under the 
pressure of 0.2 kg/mm 2 for example after the bare sem- 
iconductor chip 8 is arranged in a predetermined posi- 

15 tion. 

[0054] The details of the ultrasonic mounting process 
are shown in a process drawing shown in Figs. 2A-C. In 
a positioning process shown in Fig. 2 A, in a state in 
which an ultrasonic horn 11 and an anvil 12 used as a 

20 heatertable respectively provided with a vacuum attrac- 
tion function are arranged opposite, the bare chip 8 is 
attracted to the ultrasonic horn 1 1 as shown by an arrow 
Ha and the circuit board 7 is attracted to the anvil 12 as 
shown by an arrow 12a. In this state, the bump 9 on the 

25 side of the bare chip 8 and the electrode area 1 0 of the 
wiring pattern 6 on the side of the circuit board 7 are 
positioned, relatively moving the ultrasonic horn 11 and 
the anvil 12 in a horizontal direction. Simultaneously, the 
circuit board 7 is heated up to 150°C by the anvil 12. 

30 [0055] In a process for removing the thermoplastic 
resin adhesive shown in Fig. 2B, the melted thermoplas- 
tic resin coat 4a is pushed aside by pressing the bump 
9 of the bare chip 8 on the thermoplastic resin adhesive 
(the thermoplastic resin coat) 4a in a heated and melted 

35 state by applying pressure (0.1 to 0.3 kgf) as shown by 
an arrow P, as applying ultrasonic vibration (63.5 kHz, 
2W) as shown by an arrow v by the ultrasonic horn 11 
and the anvil 12. Therefore, the bump 9 and the elec- 
trode area 10 are contacted with each other. 

40 [0056] In an ultrasonic bonding process shown in Fig. 
2C, diffused junction between metals is accelerated by 
further continuously applying ultrasonic vibration v, and 
the bump 9 and the electrode area 10 are bonded. 
[0057] Referring to Figs. 1 A-E again, the description 

45 will be continued. 

[Bonding process (E)) 

[0058] In this process, the melted thermoplastic resin 
so coat 4a is hardened again by natural cooling or forced 
cooling by removing the heat of 150°C applied to the 
circuit board. Therefore, the bare semiconductor chip 8 
and the wiring pattern 6 are bonded. That is, the ther- 
moplastic resin coat 4a in a melted state filled between 
55 the bottomof the bare semiconductor chip 8 and the cir- 
cuit board 7 is cooled and solidified, and the bare sem- 
iconductor chip 8 and the circuit board 7 are firmly bond- 
ed and fixed. 
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[0059] The mounted structure completed in the proc- 
esses (A) to (E) is shown in Fig. 3. As shown in Fig. 3, 
according to this mounted structure, action and effect 
are acquired such that (1 ) sure electric conduction is ac- 
quired because the bump 9 and the electrode area 10 5 
are bonded by diffused junction by an ultrasonic wave, 
(2) the moisture-proof is satisfactory because a junction 
between the bump 9 and the electrode area 1 0 is sealed 
with resin, (3) the mechanical strength of mounting for 
pulling and others is high because the semiconductor 10 
chip 8 and the circuit board 7 are bonded when the ther- 
moplastic resin coat 4a is hardened, (4) electric conduc- 
tion and mechanical coupling are simultaneously ena- 
bled in a short time, (5) the manufacturing cost is par- 
ticularly low because special processes from sealing to 15 
bonding and adhesive material are not required and (6) 
the surface of the board is never more sticky than re- 
quired in heating because no thermoplastic resin coat 
exists in a part in which the surface of the board is ex- 
posed. 20 
[0060] The strength of bonding between the bare 
semiconductor chip 8 and the wiring pattern 6 in the 
case of the mounting method using the resin coat in this 
embodiment is shown in Fig. 4 in comparison with a 
case using only ultrasonic bonding. As clear from Fig. 25 
4, in the case of the mounting method according to the 
invention, the double to triple strength of bonding is ac- 
quired, compared with the case of only ultrasonic bond- 
ing. It need scarcely be said that this is because the 
semiconductor chip 8 and the circuit board 7 are bonded 30 
when the thermoplastic resin coat 4a is hardened. 
[0061] In the embodiment the PET film 2 is used for 
resin base material composing the lamination 1 , how- 
ever, a polyimide film and others can be also used in 
place of the PET film. 35 
[0062] Also, for the material of the etching resist pat- 
tern 4, polyester thermoplastic resin can be also used 
in place of the polyolefin resin. However, in that case, 
FeCI 2 is used for etchant. 

[0063] For the circuit board 7 shown in Fig. 1C, the <*o 
overall surface of the wiring pattern 6 is covered with the 
thermoplastic resin coat 4a and the circuit board can be 
generalized as a circuit board for flip-chip connection. 
[0064] According to such configuration, as the overall 
surface of the wiring pattern 6 is covered with the ther- 45 
moplastic resin coat 4a in case the circuit board is used 
for the above mounting method, sealed structure satis- 
factory in moisture-proof and bonded structure high in 
tensile strength are acquired. That is, the thermoplastic 
resin coat 4a located in the vicinity of the electrode area 50 
10 on the wiring pattern 6 mainly contributes to sealing 
the ultrasonic j unction, while the thermoplastic resin 
coat 4a located in a part except the electrode area con- 
tributes to the bonding of the body of the semiconductor 
chip 8 and the circuit board 7. ss 
[0065] Also, in the circuit board manufacturing meth- 
od shown in Figs. 1 B and 1 C, thermoplastic resin is used 
for an etching mask used when the wiring pattern is 
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formed by etching processing and the circuit board man- 
ufacturing method can be generalized as a method of 
manufacturing a circuit board for flip-chip connection. 
[0066] According to such configuration, as the mate- 
rial of the etching mask used in etching processing for 
forming the wiring pattern becomes the thermoplastic 
resin coat covering the overall surface of a conductive 
pattern as it is, a coat formation process is not required 
and labor is not required. Therefore the manufacture at 
a low cost is realized. 

[0067] Finally, the action and the effect of the semi- 
conductor chip mounting method in this embodiment will 
be described together. That is, according to the above- 
mentioned mounting method, 

(1) in the wiring pattern formation process, the in- 
sulating resist used for etching processing is not re- 
quired to be peeled in another process and the cost 
can be reduced. 

(2) Further, the insulating resist made of thermo- 
plastic resin functions as an adhesive immediately 
under the semiconductor chip and the strength for 
mounting the semiconductor chip by an ultrasonic 
wave can be reinforced. 

(3) Also, the periphery of the bump can be-sealed 
with, resin material and the reliability in moisture- 
proof of the bump connection can be enhanced. 

(4) The resin material for the above-mentioned pur- 
pose required in a related art type method is not re- 
quired and the cost of the material can be reduced. 

(5) Secure connection between terminals is ac- 
quired by the diffused junction by ultrasonic vibra- 
tion of metal between the bump and the wiring pat- 
tern. 

(6) The ultrasonic junction, the melting of the ther- 
moplastic resin and the hardening of the thermo- 
plastic resin can be executed within 1 to 2 seconds 
and the manufacturing time can be reduced. 

[0068] Next, referring to Figs. 5 to 10C, an embodi- 
ment of a data carrier manufacturing method according 
to the invention will be described. This data carrier func- 
tions as a flight tag, a label for physical distribution man- 
agement: a ticket for an unmanned wicket and others 
and can read an electromagnetic wave. This data earner 
is composed by integrating the body of the data carrier 
with an electronic component. In the body of the data 
carrier, a metallic foil pattern composing an antenna coil 
is held on thin resin base material. In the electronic com- 
ponent module, a bare semiconductor chip composing 
a send and receive circuit, a memory and others is 
mounted on an aluminum foil wiring pattern on the sur- 
face of the thin resin base material. 
[0069] An example of the embodiment of the data car- 
rier is shown in Fig. 5. As shown in Fig. 5, the data earner 
DC is provided with the body of the data carrier 1 00 and 
an electronic component module 200. In the body of the 
data carrier 1 00, a copper foil curled conductive pattern 
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(equivalent to an antenna coil) 102 having the thickness 
of 10 u.m is held on the single side of polyethylene 
terephthalate (PET) base material 1 01 having the thick- 
ness of 25 u.m. In the electronic component module 200, 
bare chip IC 202 is mounted on the lower side in Fig. 5 
of a glass epoxy piece 201 having the thickness of 70 
u.m. The electronic component module 200 is mounted 
on the body of the data carrier 1 00 so that the piece 201 
crosses an orbital conductive flux 102a composing the 
curled conductive pattern 1 02. Electric connection of the 
electronic component module 200 with the curled con- 
ductive pattern 102 is performed in a terminal pad on 
the inner side 103 and in a terminal pad on the outer 
side 104 of the curled conductive pattern 102. 
[0070] An example of the structure in which the elec- 
tronic component module 200 is mounted is shown in 
an enlarged sectional view in Fig. 6. A method of man- 
ufacturing the body of the data carrier 1 00 and the elec- 
tronic component module 200 respectively shown in 
Figs. 5 and 6 will be sequentially described in detail be- 
low. 

[0071] An example of the manufacturing process of 
the curled conductive pattern 1 02 composing an anten- 
na coil is shown in Figs. 7A-E. Referring to Figs. 7A-E, 
a process when the curled conductive pattern 102 to be 
an antenna coil is formed on the single side of the PET 
film base material 101 will be described. (Process A as 
shown in Fig. 7A) 

[0072] First, a Cu-PET lamination 301 is prepared. 
For example, copper foil 303 having the thickness of 1 0 
u.m is laminated on the single side of a PET film 302 
having the thickness of 25 u,m via an urethane adhesive. 
Then they is thermically bonded under a condition of the 
temperature of 150°C and the pressure of 5 kg/cm 2 . 
Hereby, the Cu-PET lamination 301 in which the cupper 
foil 303 is bonded on the surface of the PET film 302 is 
completed. 

(Process B as shown in Fig. 7B) 

[0073] Next, a curled etching resist pattern 304 is 
formed on the surface of the copper foil 303 of the Cu- 
PET lamination 301 . That is, insulating etching resist ink 
is printed on the copper foil 303 using an offset printing 
method for example so that the insulating etching resist 
ink has a curled shape having the number of turns, the 
width, the pitch and the inside and outside circumfer- 
ences for acquiring an L value and a Q value respec- 
tively required for the characteristics of a coil. For the 
resist ink at this time, a type hardened by heat or an 
active energy beam is used. For the active energy 
beam, ultraviolet rays or an electron beam is used. In 
case ultraviolet rays are used, the resist ink including a 
photopolymerization agent and is used. 

(Process C as shown in Fig. 7C) 

[0074] Next, conductive etching resist patterns 305a 
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and 305b (103 and 104 in Fig. 5) in the shape of a re- 
quired electrode are formed by conductive ink in a po- 
sition for electric connection with the electrode of the 
electronic component module 200 on the surface of the 

5 copper foil 303 of the Cu-PET lamination 301 . These 
resist patterns 305a and 305b are formed by offset print- 
ing as in the above-mentioned process. For resist ink, 
a thermosetting conductive adhesive hardened by heat 
treatment at 120°C for approximately 20 minutes is 

10 used. A screen printing method generally performed 
may be also used for the printing of conductive ink in 
this process. For ink material, a chemical acquired by 
adding a photopolymerization agent to the mixture of Ag 
particles and an thermoplastic adhesive for example or 

15 solder paste and others may be also used. 

(Process D as shown in Fig. 7D) 

[0075] Next, a copper foil part 306 exposed from the 

20 etching resist patterns 304, 305a and 305b is removed 
by executing well-known etching and a curled conduc- 
tive pattern (102 in Fig. 5) to be an antenna coil is 
formed. In this etching processing, FeCI 2 (120 g/l) is 
used for etchant under a condition of the temperature of 

25 50 Q C and the copper foil 303 is removed. Afterward, 
generally, unless the etching resist formed in the proc- 
ess B is removed, an electronic component cannot be 
mounted on a circuit, that is, on a curled pattern com- 
posing an antenna coil. In the present invention, how- 

30 ever, as described in relation to the process C s the con- 
ductive resist patterns 305a and 305b are provided and 
etching resist is not required to be removed by mounting 
an electronic component in this position. That is, a proc- 
ess for peeling the etching resist can be omitted by the 

35 invention. Further, there is also effect that the etching 
resist 304 formed by insulating ink also functions as an 
insulating protective layer on the surface of the copper 
foil circuit pattern. 

40 (Process E as shown in Fig. 7E) 

[0076] Finally, in this embodiment, a transparent hole 
307 into which a convex portion (a potting part 411) de- 
scribed later of the electronic component module can 

45 be inserted is formed by a press process. As a result, 
the body of the data carrier 1 00 in which the curled con- 
ductive pattern 308 (102) to be an antenna coil is held 
on the single side of the PET film base material 302 
(101) is completed. 

so [0077] Next, an example of the manufacturing proc- 
ess of the electronic component module 200 is shown 
in Figs. 8A-E. The contents shown in Figs. 8A-E are the 
same as the contents described above referring to Figs. 
1 A-E except that a bare chip 408 is sealed with resin in 

55 the potting part 411 in a final process and conductive 
resist412 is arrangedin an electrode part for connection 
with the body of the data carrier 100. 
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[Metallic foil lamination manufacturing process (A)] 

[0078] In this process, an AI-PET lamination 401 
which is the base material of a thin circuit board is man- 
ufactured. For example, the AI-PET lamination 401 is 
manufactured in a process for laminating hard alumi- 
num foil 403 having the thickness of 35 ujti on the single 
side (the upper surface in Fig. 8A) of a PET film 402 
having the thickness of 25 u/n via an urethane adhesive 
and thermically bonding them under a condition of the 
temperature of 150°C and the pressure of 5 kg/cm 2 . 

[Etching mask printing process (B)] 

[0079] In this process, an etching resist pattern 404 
in the shape of a required wiring pattern is formed on 
the surface of the hard aluminum foil 403 of the A1 -PET 
lamination 401 . For example, the resist pattern 404 is 
formed by applying a polyolefin thermoplastic resin ad- 
hesive, which is melted at the temperature of approxi- 
mately 150°C, on the surface of the hard aluminum foil 

403 by approximately 4 to 6 ujti in thickness by a method 
such as gravure. It is desirable that the applied thickness 
is adjusted according to the size and the shape of a 
bump of a mounted bare chip. In addition, in this proc- 
ess; conductive etching resist patterns 412a and 412b 
in the shape of a required electrode pattern are arranged 
in each connection with terminal pads 305a and 305b 
of the body of the data carrier 1 00. These resist patterns 
412a and 412b are formed by offset printing as in the 
above-mentioned process. For resist ink, a thermoset- 
ting conductive adhesive hardened by heat treatment at 
120°C for approximately 20 minutes is used. For the 
printing of conductive ink in this process, screen printing 
generally performed may be also used. For ink material, 
a chemical in which a photopofymerization agent is add- 
ed to the mixture of Ag particles and an thermoplastic 
adhesive for example or solder paste and others may 
be also used. 

[Etching process (C)] 

[0080] In this process, a wiring pattern 406 made of 
hard aluminum foil 403 is formed by removing an alumi- 
num foil part 405 exposed from the etching resist pattern 

404 by well-known etching processing. For example, 
this wiring pattern 406 is formed by exposing the alumi- 
num foil part 405 exposed from the etching resist pattern 
404 to NaOH (1 20 g/l) which is etchant under a condition 
of the temperature of 50°C. The wiring pattern 406 made 
of hard aluminum foil 403 appears on the surface of a 
circuit board 407 acquired in this etching process. Also, 
the overall surface of the wiring pattern 406 is covered 
with the polyolefin thermoplastic resin adhesive used for 
the etching resist pattern (an etching mask) 404. In other 
words, the surface of at least the electrode area (an area 
to be connected with the bump of the bare semiconduc- 
tor chip described later) of this wiring pattern 406 is cov- 



ered with a thermoplastic resin coat 404a. 

[Ultrasonic mounting process (D)] 

5 [0081] In this process, the bare semiconductor chip 
408 is mounted on the circuit board 407 applying an ul- 
trasonic wave. This process includes: .1 ) a first subproc- 
ess for pushing the melted thermoplastic resin coat 
404a aside by pressing a bump 409 of the bare semi- 
io conductor chip 408 on the melted thermoplastic resin 
coat 404a applying an ultrasonic wave in a state in which 
the thermoplastic resin coat 404a covering an electrode 
area 41 0 on the wiring pattern 406 is heated and melted 
so as to bring the bump 409 into contact with the elec- 
ts trode area 41 0 and 2) a second subprocess for bonding 
the bump 409 and the electrode area 410 by continu- 
ously applying an ultrasonic wave in a state in which the 
bump 409 and the electrode area 41 0 are contacted with 
each other. 

20 [0082] The bare semiconductor chip 408 is composed 
as a so-called surface mounting-type component. That 
is, the bare semiconductor chip 408 has a body which 
is 150 u,m thick and the bump 409 which is a metallic 
terminal for connection and protruded form the bottom 

25 of the bare semiconductor 408. In the firsksubprocess, 
the bump (made of gold for example) 409 'is -pressed on 
the thermoplastic resin coat 404a whichuis melted by 
heating at 1 50°C applying ultrasonic vibration. Then, the 
melted thermoplastic resin coat 404a is pushed aside 

so and removed from the end position of the bump 409 by 
the ultrasonic vibration ofthebump409. Further, an oxide 
layer and others on the surface of the aluminum foil wir- 
ing pattern 406 are also mechanically removed by the 
vibration. As a result, the bump 409 and the electrode 

35 area 410 are contacted with each other. In the second 
subprocess, afterward, the bump 409 and the electrode 
area 41 0 of the wiring pattern 406 are heated by f riction- 
al heat by the vibration further, a metallic fused part in 
which atoms of gold are diffused in the aluminum foil is 

40 formed and the ultrasonic junction of both is completed. 
[0083] The first and second subprpcesses are com- 
pleted by applying ultrasonic vibration at the frequency 
of 63 kHz for approximately a few seconds under the 
pressure of 0.2 kg/mm 2 for example after the bare sem- 

45 iconductorchip 408 is arranged in a predetermined po- 
sition. 

[Bonding process (E)] 

so [0084] In this process, the melted thermoplastic resin 
coat 404a is rehardened by natural cooling or forced 
cooling by removing the heat of 150 Q C applied to the 
circuit board, and the body of the bare semiconductor 
chip 408 and the wiring pattern 406 are bonded. That 

55 is, the melted thermoplastic resin coat 404a filled be- 
tween the bottom of the bare semiconductor chip 408 
and the circuit board 407 is cooled and solidified, and 
the bare semiconductor chip 408 and the circuit board 



9 



17 

407 are firmlybonded and fixed. Afterward, the bare 
semiconductor chip 408 is sealed with resin by a well- 
known method if necessary and the potting part 411 is 
formed. 

[0085] Next, referring to Figs. 9A-B, a procedure for 
mounting the electronic component module 200 on the 
body of the data carrier 100 so that its insulating piece 
201 crosses the orbital conductive flux 1 02a composing 
the curled conductive pattern 102 and electrically con- 
necting with the curled conductive pattern separately on 
the inside and the outside of the curled conductive pat- 
tern 1 02 will be described. 

(Process A as shown in Fig. 9A) 

[0086] First, the electronic component module 200 is 
mounted on the body of the data carrier 1 00 so that the 
electronic component mounted side of the electronic 
component module 200 and the conductive pattern for- 
mation side of the body of the data carrier 1 00 are op- 
posite, and the electronic component module 200 cross- 
es the orbital conductive flux 1 02a composing the curled 
conductive pattern 1 02. At this time, the potting part 41 1 
covering the bare chip 408 which is an electronic com- 
ponent is inserted into the hole 307 made on the side of 
the body of the data carrier 1 00. Further, the conductive 
resist areas 412a and 412b to be electrode areas of a 
pair of aluminum foil areas 406 connected to the bumps 
409 of the bare chip 408 on the side of the electronic 
component module 200 are respectively located over a 
pair of conductive resist patterns 305a and 305b on the 
sideof the body of the data carrier 1 00. That is, the cop- 
per foil areas 406 on the side of the electronic compo- 
nent module 200 and the conductive resist patterns 
305a and 305b on the side of the body of the data carrier 
100 are respectively opposite via the conductive resist 
areas 412. 

(Process B as shown in Fig. 9B) 

[0087] Next, indentators 501 a and 501 b heated up to 
160°C are pressed particularly on a pair of conductive 
resist patterns 305a and 305b at the pressure of 21 .7 
kg for 20 seconds from over the electronic component 
module 200. At this time, the conductive resist pattern 
which is a thermoplastic adhesive coat is locally sof- 
tened and melted, and the conductive resist areas 41 2a 
and 41 2b that respectively conduct to the terminal areas 
406 of the electronic component module 200 and the 
conductive resist patterns 305a and 305b on the side of 
the body of the data carrier 1 00 are respectively bonded 
and fixed. In the meantime, as the thermoplastic resin 
coat 404a can be utilized forthe junction of the electronic 
component module 200 and the body of the data carrier 
1 00 with the thermoplastic resin coat keeping insulation. 
Further, the etching resist 304 on the surface of the 
curled conductive pattern 102 is left as insulating mate- 
rial. Therefore, a wiring pattern (not shown) on the insu- 
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lating base material piece 402 (201) of the electronic 
component module 200 also functions as a jumper 
member mating the inside and the outside of the curled 
conductive pattern 102. As a result, the curled conduc- 

5 tive pattern 1 02 and the bare chip 408 can be electrically 
connected without using a jumper member, a back wir- 
ing pattern and others as in related art type structure. 
[0088] Next, referring to Figs. 10A to 12B, another 
embodiment of the data carrier manufacturing method 

10 according to the invention will be described. This data 
carrier also functions as a flight tag, a label for physical 
distribution management, a ticket for an unmanned 
wicket and others and can also read an electromagnetic 
wave. This data carrier is also composed by integrating 

15 the body of a data carrier with electronic component 
module on the surface of the thin resin base material as 
in the embodiment described referring to Fig. 5. In the 
body of a data carrier, a metallic foil pattern composing 
an antenna coil is held on thin resin base material. In 

20 the electronic component module, a bare semiconduc- 
torchip composing a send and receive circuit, a memory 
and others is mounted on an aluminum foil wiring pat- 
tern. 

[0089] An example of the manufacturing process of 
25 the curled conductive pattern 102 shown in Fig. 5 com- 
posing an antenna coil is shown in Figs. 10A-C. Refer- 
ring to Figs. 1 0A-C, processes when the curled conduc- 
tive pattern 1 02 shown in Fig. 5 to be an anten na coil is 
formed on the single side of the PET film base material 
30 101 as shown in Fig. 5 will be described below. 

(Process A as shown in Fig. 1 0A) 

[0090] First, Cu-PET lamination base material 601 is 
35 prepared. For example, copper foil having the thickness 
of 10 u.m is laminated on the single side of a PET film 
having the thickness of 25 uxn via an urethane adhesive 
and is thermically bonded under a condition of the tem- 
perature of 150°C and the pressure of 5 kg/cm 2 . Hereby, 
40 the Cu-PET lamination 601 in which the cupper foil 603 
is bonded on the surface of the PET film 602 (101) is 
completed. 

(Process B as shown in Fig. 10B) 

45 

[0091] Next, a curled etching resist pattern 604 and 
an etching resist pattern 604 in the shape of a terminal 
are formed on the surface of the copper foil 603 of the 
Cu-PET lamination 601 . That is, insulating etching resist 

so ink is printed on the copper foil using an offset printing 
method for example so that the insulating etching resist 
ink has a curled shape having the number of turns, the 
width, the pitch and the inside and outside circumfer- 
ences for acquiring an L value and a Q value respec- 

55 tively required for the characteristics of a coil. For the 
resist ink at this time, a type hardened by heat or an 
active energy beam is used. For the active energy 
beam, ultraviolet rays or an electron beam is used and 
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in case ultraviolet rays are used. In this case, the resist 
ink including a photo polymerization agent is used. 

(Process C as shown in Fig. 10C) 

[0092] A curled conductive pattern 605 and terminal 
pads 606a and 606b on the inside and outside circum- 
ferences respectively composing an antenna coil are 
formed by removing a copper foil part 603a exposed 
from the etching resist pattern 604 formed in the above- 
mentioned process by well-known etching. In this etch- 
ing processing, FeCI 2 (1 20 g/l) is used for etchant under 
a condition of the temperature of 50°C and the required 
copper foil (Cu) is removed. 

[0093] Afterward, generally, unless the insulating 
etching resist 604 formed in the process B is removed, 
an electronic component cannot be mounted on a cir- 
cuit, that is, on a coil. In the invention, however, as the 
etching resist located in parts to be bonded 606a and 
606b is removed by mechanical friction by an ultrasonic 
wave injunction described later, the insulating resist 604 
is not required to be removed. That is, according to the 
invention, a process for peeling the etching resist 604 
can be omitted. Further, effect is acquired such that the 
etching resist 604 can be used for an insulating protec- 
tive layer on the surface of the copper conductive pat- 
tern 605. 

[0094] Next, an example of a process for producing 
the electronic component module 200 is shown in Figs. 
11A-E. 

[Metallic foil lamination manufacturing process (A)] 

[0095] In this process, anAI-PET lamination 701 
which is original material of a thin circuit board is man- 
ufactured. For example, the AI-PET lamination 701 is 
manufactured in a process for laminating hard alumi- 
num foil 703 having the thickness of 35 urn on the single 
side (the upper surface in Figs. 11 A-E) of a PET film 

702 having the thickness of 25 pm via an urethane ad- 
hesive and bonding them thermally under a condition of 
the temperature of 1 50°C and the pressure of 5 kg/cm 2 . 

[Etching mask printing process (B)] 

[0096] In this process, an etching resist pattern 704 
in the shape of a required wiring pattern is formed on 
the surface of the hard aluminum foil 703 of the A1 -PET 
lamination 701 . For example, the resist pattern 704 is 
formed by applying a polyolef in thermoplastic resin ad- 
hesive, which is melted at the temperature of approxi- 
mately 150°C, on the surface of the hard aluminum foil 

703 by approximately 4 to 6 urn in thickness by a method 
such as gravure. It is desirable that this thickness is var- 
ied according to the size and the shape of a bump of a 
mounted bare chip. 



[Etching process (C)] 

[0097] In this process, a wiring pattern 706 made of 
the hard aluminum foil 703 is formed by removing an 

5 aluminum foil part 705 exposed from the etching resist 
pattern 704 by well-known etching processing. For ex- 
ample, the wiring pattern 706 is formed by exposing the 
aluminum foil part 705 exposed from the etching resist 
pattern 704 to NaOH (120 g/l) which is etchant under a 

10 condition of the temperature of 50°C. The wiring pattern 
706 made of the hard aluminum foil 703 is formed on 
the surface of a circuit board 707 acquired in this etching 
process. The overall surface of the wiring pattern 706 is 
covered with the polyolefin thermoplastic resin adhesive 

is used for the etching resistpattem (anetchingmask) 704. 
Inotherwords, the surface of at least an electrode area 
(an area to be connected with a bump of a bare semi- 
conductor chip described later) of the wiring pattern 706 
is covered with a thermoplastic resin coat 704a. 

20 

[Ultrasonic mounting process (D)] 

[0098] In this process, a bare semiconductor chip 708 
is mounted on the circuit board 707 applying an ultra- 

25 sonic wave. This process includes: 1 ) asubprocess (a 
first subprocess) for pushing the meltedrthermoplastic 
resin coat 704a aside by pressing a bump 709 of the 
bare semiconductor chip 708 on the melted thermoplas- 
tic resin coat 704a in a state in which the thermoplastic 

30 resin coat 704a covering an electrode area 710 on the 
wiring pattern 706 is heated and melted applying an ul- 
trasonic wave so as to bring the bump 709 into contact 
with the electrode area 71 0; and 2) a subprocess (a sec- 
ond subprocess) for bonding the bump 709 and the elec- 
ts trode area 71 0 in a state in which the bump 709 and the 
electrode area 710 are contacted with each other by 
continuously applying an ultrasonic wave. 
[0099] The bare semiconductor chip 708 is composed 
as a so-called surface mounting-type component. That 

40 is, the bare semiconductor chip 708 has a body which 
is 150 ujn thick and the bump 709 which is a metallic 
terminal for connection and protruded form the bottom 
of the bare semiconductor chip 708. In the first subproc- 
ess, the bump (made of gold for example) 709 is 

45 pressed on the thermoplastic resin coat 704a which is 
melted by heating at 150°C applying an ultrasonic wave. 
Then, the melted thermoplastic resin coat 704a is 
pushed aside and removed from the position of the end 
of the bump 709 by the ultrasonic vibration of the bump 

50 709. Further, an oxide layer and others on the surface 
of the aluminum foil wiring pattern 706 are also mechan- 
ically removed by the vibration. As a result, the bump 
709 and the electrode area 710 are contacted with each 
other. In the second subprocess, afterward, the bump 

55 709 and the electrode area 71 0 of the wiring pattern 706 
are further heated by frictional heat by the vibration, a 
metallic fused part in which atoms of gold are diffused 
in the aluminum foil is formed and the bonding of both 
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by an ultrasonic wave is completed. 
[0100] The first and second subprocesses are com- 
pleted by applying ultrasonic vibration of the frequency 
of 63 kHz by approximately a few seconds under the 
pressure of 0.2 kg/mm 2 for example after the bare sem- 
iconductor chip 708 is arranged in a predetermined po- 
sition. 

[Bonding process (E)] 

[0101] In this process, the melted thermoplastic resin 
coat 704a is hardened again by natural cooling or forced 
cooling by removing the heat of 150*0 applied to the 
circuit board, and the body of the bare semiconductor 
chip 708 and the wiring pattern 706 are bonded. That 
is, the thermoplastic resin coat 704a in a melted state 
filled between the bottom of the bare semiconductor 
chip 708 and the circuit board 707 is cooled and solidi- 
fied, and the bare semiconductor chip 708 and the circuit 
board 707 are firmly bonded and fixed. Afterward, the 
bare semiconductor chip 708 is sealed with resin by a 
well-known method if necessary and a potting part 71 1 
is formed. As a result, an electronic component module 
707 is completed. 

[0102] Next, referring to Figs. 12A-B, a process for 
mounting the electronic component module 707 on the 
data carrier 607 and electrically connecting with an an- 
tenna coil will be described. This process is executed 
using ultrasonic welding technology. (Process A as 
shown in Fig. 12A) 

[0103] First, the electronic component module 707 is 
mounted on the body of the data carrier 607 in a 
matched state that parts to be bonded 708a and 708b 
on the side of the electronic component and terminal 
pads 606a and 606b which are parts to be bonded on 
the side of the body of the data carrier are opposite. 

(Process B as shown in Fig. 12 B) 

[01 04] Next, a pair of indentators 801 and 802 that fall 
integrally are pressed over the parts to be bonded 708a 
and 708b of the electronic component module 707 by 
time T (approximately 0.5 second) applying the ultra- 
sonic vibration of applied pressure P (0.2 kg/mm 2 ) and 
a frequency V (40 kHz) . Reference numbers 803 and 
804 denote anvils arranged opposite to the indentators 
801 and 802. 

[0105] Generally, welding is caused by bringing at- 
oms at distance (a few angstrom (A)) at which attraction 
is exerted between atoms on the surfaces of metals to 
be bonded and contacting with the surfaces with atoms 
on the overall surfaces orderly arrayed. However, nor- 
mally, as the surface of metal is covered with a thin su- 
perficial layer such as oxide and absorbed gas, the ap- 
proach of clean metallic atoms under ft is prevented and 
sufficient bonding power is not caused. 
[0106] In this ultrasonic bonding method, the terminal 
of the electronic component module and the terminal on 



the side of the antenna coil are bonded and fixed by re- 
moving a metallic superficial layer by ultrasonic vibration 
by the above-mentioned method, further activating the 
vibration of atoms and diffusing atoms. 

5 [0107] Further, this method is based upon a principle 
that bonding is realized by removing a metallic superfi- 
cial layer by ultrasonic vibration as described above and 
even if the bonding process is executed in a state in 
which insulating etching resist 704 formed on thetermi- 

10 nal pads 606a and 606b of the conductive pattern is not 
peeled as shown in the process (B) in Fig. 12B, a suffi- 
cient electric and mechanical bonding characteristic is 
acquired between the side of the electronic component 
module 707 and the side of the body of the data carrier 

*5 607. The thin data carrier DC (see Fig. 5) according to 
the invention is completed by the processes described 
above. 

[0108] In the above-mentioned embodiments, the 
plastic flow of metal is locally caused corresponding to 

20 the protruded part by providing multiple irregularities 
corresponding to the shape of the fused part to the end 
face of the anvils 803 and 804 opposite to the indenta- 
tors 801 and 802 for example and in the meantime, ad- 
justing the pressing time of the indentators 801 and 802 

25 and resin layers exposed from a part from which a me- 
tallic layer is removed can be fused by ultrasonic vibra- 
tion. Particularly, as the mechanical bonding strength of 
the electronic component module is particularly en- 
hanced in case such fusion of metal and the fusion of 

30 resin are both used, the data carrier is effective when it 
is often roughly handled as a flight tag and a label for 
physical distribution management. 
[0109] Asthethin data carrier completed as described 
above uses an electromagnetic field as a read medium, 

35 it can securely read data stored in the semiconductor 
chip apart by the distance of 1 00 to 1 000 mm without 
being restricted by distance and a direction in reading 
so much, concretely without being restricted by the di- 
rection of reading. 

40 [0110] The result of the moisture-proof test (at the 
temperature of 85°C and at the humidity of 85%) of the 
thin data carrier manufactured in this embodiment is 
shown in Fig. 13. As shown in Fig. 13, the variation of 
communication distance after 250 hours elapse in the 

^5 moisture-proof test is within ±10%. It is verified that for 
reliability on the moisture-proof of the connection of the 
bump, a sufficient value is acquired. 
[0111] As clear from the description, according to the 
invention, the semiconductor chip mounting method by 

so the flip-chip connection method in which the semicon- 
ductor chip can be mounted on the circuit board prompt- 
ly, electrically and mechanically securely and further, at 
a low cost can be provided. 

[0112] Also, according to the invention, the electro- 
ns magnetic wave readable data carrier manufacturing 
method in which the electromagnetic wave readable da- 
ta carrier that functions as aflighttag, a label for physical 
distribution management, a ticket for an unmanned 
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wicket and others can be produced at a low cost in a 
mass can be provided. 



Claims 

1. A method of mounting a semiconductor chip on a 
circuit board, said semiconductor chip having a 
bump, said circuit board having a wiring pattern with 
an electrode area and a thermoplastic resin coat 
covering the electrode area of the wiring pattern, 
said method comprising steps of: 

heating and melting the thermoplastic resin 
coat of said circuit board; 
pressing the bump of said semiconductor chip 
on the thus melted thermoplastic resin coat 
while applying an ultrasonic wave to the bump 
so that the bump penetrates the melted ther- 
moplastic resin coat and brings into contact 
with electrode area; 

bonding the bump and the electrode area by 
continuously applying an ultrasonic wave to the 
bump bringing into contacted with the electrode 
area; and 

cooing and solidifying the melted thermoplastic 
resin coat so as to securely mount said semi- 
conductor chip on said circuit board. 

2. The method of mounting the semiconductor chip on 
the circuit board according to claim 1 , wherein said 
heating and melting step heats the thermoplastic 
resin coat at 150 °C. 

3. The method of mounting the semiconductor chip on 
the circuit board according to claim 1 , wherein said 
pressing step applies the ultrasonic wave of an ul- 
trasonic vibration of. a frequency of 63 kHz under 
pressure of a range of 0.1 -0.3 kg/mm 2 . 

4. A circuit board for a flip-chip connection, compris- 
ing: a wiring pattern disposed on a thin base mate- 
rial; and 

a thermoplastic resin coat covering a surface of 
the wiring pattern, 

wherein the thermoplastic resin coat acts as a 
masking member for forming the wiring pattern 
by an etching process. 

5. A method of manufacturing a circuit board for a flip- 
chip connection, comprising steps of: 

laminating a metal foil on a thin base material; 
forming a thermoplastic resin coat on the metal 
foil in such a manner that the thermoplastic res- 
in coat is formed in the shape of a predeter- 
mined wiring pattern; and 



etching a portion of the metal foil where the 
thermoplastic resin coat is not formed so as to 
form the wiring pattern. 

s 6. A method of manufacturing an electromagnetic 
wave readable data carrier having a body of a data 
carrier and an electronic component module, said 
body of the data carrier having an insulating base 
material and a conductive pattern held on the insu- 

10 lating base material, said the electronic component 
module having a circuit board and a semiconductor 
chip with a bump mounted on the circuit board, said 
circuit board having a wiring pattern with an elec- 
trode area and a thermoplastic resin coat covering 

15 the electrode area of the wiring pattern, said method 
comprising steps of: 

manufacturing the electronic component 
module by mounting the semiconductor chip on the 
wiring pattern, said electronic component module 

20 manufacturing step comprises substeps of: 

heating and melting the thermoplastic resin 

coat of said circuit board; 

pressing the bump of said semiconductor chip 

25 on the thus melted thermoplastic, resin coat 

while applying an ultrasonic wave to the bump 
so that the bump penetrates the melted ther- 
moplastic resin coat and brings into contact 
with electrode area; ? ■ 

30 bonding the bump and the electrode area by 

continuously applying an ultrasonic wave to the 
bump bringing into contacted with the electrode 
area; and 

cooling and solidifying the melted thermoplastic 
55 resin coat so as to securely mount said semi- 

conductor chip on said circuit board; and 
integrating the electronic component module 
with the body of the data carrier. 

^0 7. The method of manufacturing the electromagnetic 
wave readable data carrier according to claim 6, 
wherein the insulating base material and the con- 
ductive pattern of said body of the data carrier are 
respectively a thin resin base material and a metal 

45 foil pattern, and the wiring pattern of said circuit 
board is an aluminum foil wiring pattern disposed 
on a thin resin base material. 

8. The circuit board used for manufacturing the elec- 
so tronic component module according to claim 6, 

wherein the wiring pattern is disposed on a thin 
base material, and the thermoplastic resin coat acts 
as a masking member for forming the wiring pattern 
by an etching process. 

55 

9. The circuit board used for manufacturing the elec- 
tronic component module according to claim 8, 
wherein the wiring pattern of said circuit board is an 
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aluminum foil wiring pattern disposed on a thin resin 
base material. 

10. A method for manufacturing the circuit board ac- 
cording to claim 8, comprising steps of: 5 

laminating a metal foil on the thin base material; 
forming the thermoplastic resin coat on the met- 
al foil in such a manner that the thermoplastic 
resin coat is formed in the shape of the prede- n> 
termined wiring pattern; and 
etching a portion of the metal foil where the 
thermoplastic resin. coat is not formed so as to 
form the wiring pattern. 

15 

11. The method of manufacturing the circuit board ac- 
cording to claim 1 0, wherein the metal foil is an alu- 
minum foil laminated on a thin resin base material 
and the wiring pattern is an aluminum foil wiring pat- 
tern. 20 

12. An electronic component module for an electromag- 
netic wave readable data carrier, said electronic 
component module comprising: 

25 

a circuit board having a wiring pattern with an 
electrode area and a thermoplastic resin coat 
covering the electrode area of the wiring pat- 
tern; and 

a semiconductor chip mounted on the circuit 30 
board, said semiconductor chip having a bump 
at a side of the circuit board thereof, 
wherein the bump of the semiconductor chip 
penetrates the thermoplastic resin coat and di- 
rectly bonds with the electrode area of the wir- 35 
ing pattern. 

13. The circuit board according to claim 4, wherein the 
thermoplastic resin is a polyolefin resin. 

40 

14. The circuit board according to claim 4, wherein the 
thermoplastic resin is a polyester resin. 

15. The circuit board according to claim 8, wherein the 
thermoplastic resin is a polyolefin resin. 4$ 

16. The circuit board according to claim 8, wherein the 
thermoplastic resin is a polyester resin. 

17. The circuit board according to claim 9, wherein the so 
thermoplastic resin is a polyolefin resin. 

18. The circuit board according to claim 9, wherein the 
thermoplastic resin is a polyester resin. 

55 

19. An electromagnetic wave readable data carrier 
comprising: 



a body of a data carrier including an insulating 
base material and a conductive pattern held on 
the insulating base material; and 
an electronic component module including a 
circuit board and a semiconductor chip mount- 
ed on the circuit board, said circuit board having 
a wiring pattern with an electrode area and a 
thermoplastic resin coat covering the electrode 
area of the wiring pattern, said semiconductor 
chip having a bump at a side of the circuit board 
thereof, the bump of the semiconductor chip 
penetrating the thermoplastic resin coat and di- 
rectly bonding with the electrode area of the 
wiring pattern, 

wherein said electronic component module is 
manufactured by a method comprising: 
heating and melting the thermoplastic resin 
coat of said circuit board; 
pressing the bump of said semiconductor chip 
on the thus melted thermoplastic resin coat 
while applying an ultrasonic wave to the bump 
so that the bump penetrates the melted ther- 
moplastic resin coat and brings into contact 
with electrode area; 

bonding the bump and the electrode area by 
continuously applying the ultrasonic wave to 
the bump bringing into contacted with the elec- 
trode area; and 

cooling and solidifying the melted thermoplastic 
resin coat so as to securely mount said semi- 
conductor chip on said circuit board. 
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